


Institutional Archive of the Naval Postgraduate School 





Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations 1. Thesis and Dissertation Collection, all items 


1954 


Special problems encountered in modular 
design of electronic equipment 


Stamps, Bernice Glen 


Monterey, California: U.S. Naval Postgraduate School 


http://ndl.handle.net/10945/14598 


Downloaded from NPS Archive: Calhoun 


Calhoun is the Naval Postgraduate School's public access digital repository for 


/ (8 D U DLEY research materials and institutional publications created by the NPS community. 
«ist : Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS's first 


NY KNOX appointed — and published -- scholarly author. 

; | LIBRARY Dudley Knox Library / Naval Postgraduate School 

411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 





http://www.nps.edu/library 


SPECIAL PROBLEMS ENCOUNTERED IN MODULAR 
DESIGN OF ELECTRONIC EQUIPMENT 


BERNIGE GLEN STAMPS 


Thesis 
$673 





Library 
U.S: Naval Postgraduat® school 
Monterey? Calilors4 
































= 


SPSCI .L PROBLEMS SNCOUNTSR=D 
IN MODULAR DESIGN OF 


ELUICTRONIC SQUIPMINT 


B. G. Stamps 











SPSCIAL PROBLEMS ENCOUNTGRED 
/ IN MODULAR DESIGN OF 


ELSCTRONIC EQUIPMSNT 


by 
Bernice Glen a 


Lieutenant, United States Navy 


Submitted in partial fulfillment 
of the requirernsnts 
for the degree of 
MASTER O SCIENCE 
IN 


ENGINSERING SLECTRONICS 


United States Naval Postgraduate School 
Monterey, Califorma 


1954 








PREFACE 

This paper was written to give the engineer who is not familiar with 
MODULAR CONSTRUCTION an idea of how this type equipment is designed, some 
of the problems encountered, and some of the new developments and changes 
that have occurred during the past year. A section is also included on 
component specifications to give an idea of the characteristics of the 
"tools" with which he has to work. 

Most of the mae was done and the data accumulated while on a ten 
weeks industrial tour which is part of the course of instruction at the 
U.S. Naval Postgraduate School. The industrial tour was made at Sanders 
Associates, Inc., located at Nashua, New Hampshire, from January to March 
1954. 

The author wishes to express his appreciation to Mr. Morton E. Goulder, 
Mr. Russ B. Hawes, Mr. John Peter Clark, Mr. H. W. Lalmond, and the other 
engineers and associates at Sanders Associates, Inc., whose advice and 
counsel helped immeasurably in the preparation of this paper. 

The author also wishes to express his appreciation and gratitude to 
Asst. Prof. Robert &, Bauer of the U.S. Naval Postgraduate School for his 


help and encouragement. 
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CHAPTER I 
INTRODUCTION 

The TINKSRTOY program is several years old nw am is still prog- 
ressing rapidly. The name, TINKERTOY, is no lomger used; instead, when 
this type construction is used, it is referred to as MODULAR DESIGN or 
MODULAR CONSTRUCTION. 

If the problem given had been to find a method of joining two pieces 
of metal together with machings, two msthds of attack could possibly 
have been used. One would have been to design a mchine to drill holes, 
put bolts and nuts in, am join the two pieces. A better method would 
have been to look for a process more amenable to machine production, 
This might have lead to spot welding the two pieces, which would have 
been much easier to do with machines. Similar reasoning was used in 
the development of the TINKERTOY type construction, The idea of taking 
conventional components am designing a machine to pohysically put them 
together was discarded, Though many new problems with components and 
design nave arisen, these are offset by the flexibility and the ease of 
machine design that this system offers, 

Whether or not the modulized design as it appears today will last 
with time rerains to be seen, cut with the extensive use of electronics 
sam method of mechanized production must be developed. This project 
has proven the feasibility of one method, and if a better methad is de- 
veloped the experience gained here will still be valuable. 

In order to prevent much duplication, it will be assumed that the 
reader of this paper has a knowledge of the basic principles of the sys- 
tem and has some knowledge of ths components used. Necessary background 


may be obtained from Ref. 1 amd Ref. 2 of the Bibliography. The progress 





has been so rapid in this field that little time has been taken to write 
down the valuable, ani sometimes hard-earned, knowledge that has been 
accumulated by the relatively few engineers that have been with this 
project from its beginning. Problems still exist, but the basic mthods 
of layout and construction have become samewhat standardized. 

With the release of this process to industry this year the use will 
probably spread, _ new engineers will be given the job of designing 
for this type construction. This paper is written with these mw engin- 
eers to the field in mind. 

The actual design of a circuit from beginning to end will not be 
attempted, but instead,the places where modulized design differ from 
conventional design will be pointed out. This difference occurs primar 
ily in the layout of the modules, so this part will be considered in more 
detail than the overall design problem. The overall design problem is - 
considered first and restrictions peculiar to modular construction are 
analyzed. A general method of attack to the module design problem is 
given and then a sample module design with a step-by-step solution is 
presented. The following section contains a discussion of some specific 
difficulties that have occurred am the solutions used. Reference is 
made to circuits that have been constructed and a few design sheets are 
given to familarize the reader with some actual designs that have been 
used, 

The components field for modular constmction is new and since it 
is imperative that- the designer be familiar with the components that he 
is to use and their characteristics, a section on this field is included. 


This study of components is written with the designer in mind and goes 


° 
into details of component development only to the extent that it affects 


the design of equipment. 








CHAPTER II 
.MODULIZED CIRCUIT DESIGN 
1. General Design Procedure 

In general, it may be said that the basic circuit design for modular 
construction is the same as far the conventi onal type, but there are a 
few type circuits which are not readily adaptable to this type construct- 
ion. Transformer type circuits cause sam difficulty because transform- 
ers do not fit into modules and must be mounted extermally with their 
leads entering the modules through tle printed circuit on the baseplates. 
This requires more time in construction, more space, and required that 
riser wires be left free for the entry of the transformer leads. If 
possible, such circuits should be changed to the RC coupled type. 

At the present time the capacity of condensers is limited to about 
0.015 micro-farads and this my call for some circuits to be redesigned. 
Circuits which use feedback or other methods of reducing the bypass ca- 
pacity should be used, Smll size electrolytic capacitors can be mounted 
external to the module, but this, as with the use of transformers is not 
desirable. The number of leads between stages should be kept to a mini- 
mum when using printed circuits because of the difficulty of crossing 
leads. This is true of any type of printed circuit construction, and 
is ™ peculiar to the modular type. 

The major problems occur, not in the circuit design, but in the 
physical layout of components. This is caused by the unique shape of 
the components and the method of attachment. Even the simple circuits 
must be laid out completely by the engineer and the placement of no parts 


can be left to the technician. It therefore becomes necessary for the 





enginser not only to know how to design the circuit, but he must know 
much more about commercial design ami manufacturing techniques than is 
normally required. In this, as with any design, certain tricks can be 
used to simplify the work and many small problems come up which were not 
anticipated. 

An analysis has been made of the methods of design, and a suggested 
procedure that has proven very helpful to the author will be outlined. 

A new type design sheet is also given which has proven helpful in visual- 
izing the circuit while laying out the modules. While these suggestions 
my not be followed to the letter, they may be helpful to one encount- 
ering this type of construction for the first time. Each designer will 
no doubt develop his own specific approach after he has had a little ex- 
perience. 

The circuit should first be studied for possible changes to eliminate 
transformers and large capacitors where possible. Where two or more stages 
have common high voltage dropping or decoupling resistors it is sometimes 
more convenient to use separate filters for gach stage. By doing this, 
the number of interconnecting leads between stages will be decreased and 
the baseplate design becomes simpler and less crowed. The module design 
is also somewhat simplified. While studying the overall diagram, conven- 
ient places should be selected to break the circuit into modules. Good 
judgement exercised at this point in the design can save difficulty in 
the latter stages. Because there is relatively little shielding within 
the module, an effort should be mde to incluwie the plate circuit of one 
#tage and the grid circuit of the following stage in the same module. A 


good place to separate the modules seems to be at the grid of the tube. 











4“t least a sketch of the baseplates should be started at this time. 
Printed circuit baseplates are universally ued with this type construct- 
ion so the inability to cross leads must be considered. Crossovers are 
relatively easy to make te the module, so the module is usually de- 
sigmsd last. The baseplate connections may sometimes have to be changed 
because of problems in the module design, but these changes can usually 
be held to the changing of a lead or two and not a complete redesign. 

It is common practice now to use a top am a bottom baseplate, to put 
the high voltage amd filament supply on the bottom baseplate, am to 
leave the top plate for the input and output, am other interconnecting 
leads, 

With the circuit cut into sections and the preliminary baseplate 
design made, the individual module circuits should be drawn up, each on 
a separate module design sheet, ard tl module design begun. If possible, 
the tube should be oriented on the top wafer with the imex on the sams 
side as the index of the wafer. This has become somewhat standardized 
am helps in the construction am testing of the module. The orientation 
of the module should next be considered, With most tubes this doses not 
cause difficulty because the grid amd the plate are on oppcsite sides 
of the tube for isolation. The module, therefore, is oriented so that 
the input lead on the printed circuit is short am the output is on the 
opposite side, The tube leads are shifted around on the wafer to make 
a suitable riser wire available for the input and output leads. The 
riser wires can now be labeled on the module design sheet and the com 
ponent layout begun. 

At this point consideration must be given to the number of parts 


and the most desirable location for them. It seems to be a good idea 











to count up the number of resistors and the number of condensers to de- 
termine the minimum number of wafers that are needed. At the present 
time, because of production problems, a wafer is limited to either con- 
densers or resistors, and not a combination of the two. If condensers 
and resistors were both used on the same wafer, it would have to be 

sent throug both the resistor and condenser assembly lines, requiring 
twice the time to make. Up to four resistas can be used on one wafer, 
two on the top and two on the bottom. The number of condensers will be 
determined by the values to be used, because the value determines the 
size af each one. For smll valvws unier about 500 mmfd two can be used 
on each side without stacking provided the temperature coefficient is 
not critical. Where required, condensers can be stacked, but this re- 
quires that there be a common terminal between the two. Stacked con- 
denser wafers are more difficult to construct so should not be used un- 
less it is necessary. The resistors are more difficult to place because 
their leads are printed onto the wafers. This difficulty will be con- 
sidered later. 

By this time the number of wafers per module will have been deter- 
mined, and since the module with the largest number of wafers will de- 
temine the minimum spacing of the baseplates, if one module is larger 
than the others, this part of the circuit can be examined to try and de- 
crease the size of this module. There is no standard size for the modules, 
but designs have tended to use gither a six- or nine-wafer module. If 
more than the minimum number of wafers is available for a module, the 
design usually is not difficult, but where most of the available wafer 


space is required for components, the design becomes more intricate am 











tricks may have to be used in order to get all the parts in and con- 


nected correctly. 





Before attempting a sample design it will be well to cosider the 







problems encountered with the resistor wafers. These are straightfor- 


ward and may seem trivial once they are seen, but almost every engineer 







on Fis first attempt will make mistakes with the resistor wafers. A 


full scale drawing of a wafer is shown, and from this, one can see the 







relative sizes of the wafer and the resistas. It is obvious that if 


two resistors are to be used on the same side of ths wafer, they must 















be placed parallel to each otner. The distance between the resistors 

and the notches on the sides of the wafer is small arm the painted leads 
have a minimum width, so if short circuits are to be avoided in the manu- 
facture of the wafer, the leads from the resistors can only be connected 


to certain notches, 





Leads from the A em of tm top resistar may go to riser notches 12, l, 
Ores Pe enout difficulty, but there is not enough space to run the A end 
to notch 4 or ll. The other ends have sinilar restrictions. 

If the bottom rasist«r could better be used in the el position 
(if it connects to notches on the top and bottom side of the wafer) it 
may be possible to put it on the opposite side of the wafer and bring 


ore of the resistors formally on the ocottom and use it on the top in the 








horizontal position. By appropriate juggling of the resistors, a solution 
may usually be found that is compatable with the construction. If no so=- 
lution can be found, sometimes a spare riser wire is available so that the 
resistor can be brought out to this notch, follow up a spare wire and then 
be crossed over to the desired riser on another wafer. It can be seen now 
that resistor wafers, when using four resistars on them, are very poor as 
crossover points. Crossovers can usually be maie between adjacent notches 
on resistor wafers because the printed leads do not extem very far in on 
the wafer. If the picture of ths wafer and resistars is kept in mind while 
designing, the above problem can be minimized, but the design shaet can be 
misleading because of the ease with which the resista@s can be drawn in 
and connscted. 

Before ths sample design is begun, refer to Fig. 2, 3, 6 and 7. These 
show how designs are made in industry at this time. Pick a point in the 
circuit and try to find it in the layout of the malule as if you wanted 
to measure the voltage at that point. In same designs this takes a con- 
siderable amount of time, Now try this with Fig. 4 amd notice how much 
easier it is to locate a point in this circuit. This new design sheet not 
only helps to locate points for testing, but mkes the designing itself 
much easier and less confusing. 

2. Sample Design 

A typical design problem is presented here with a step-by-step so- 
lution. The particular circuit was selected because ths number of com- 
ponents make the design rather difficult and because it* demonstrates the 
compactness that modular construction permits. The circuit (Fig. 1} con- 


sists of two stages af amplification with a bridged-T filter between 
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put and output leids will b= lone, ‘ut the frequerey is low so this is 


4 





. Ost medules will not contain this nmeany conponents ani 









nermissillle, 





tnerefore wiil usuilly v2 easivr 40 design. For 1 tyrie.l high frequen- 


ge eit iit, Som Pir. 4. 





Meteo ir . StPo in ti desig, sheecircuit diagram is drawn on the 






45a rm s2et for sas. rmeferene2. Ne-., the riser wires that ore required 












to Weve = Sefinit: foliction ire labeled. In this particular circuit, lat 










Ue inwt, or, heater, and high vil-vee wires be ussumed to be fixed 


a the 







Pasenikte Jf out, tre tube socket LY now drawn on the too wafer 


ara. 2 bersinels conniekaa so tithe the input, oltput, end heater leads 








mak: direct connections, Th vnliceret of the other socket leads are 


nor eritic Ble 








in drawint 14 componsnts: inl leads, 1 colored pencil is 










meloful in “ikinew to- circuit “tani out on the myper. Befark proce-ding 





Paeeisirtier, it is best to sxarine me circuit more closely, am to lay 















Oat % plum of itteck, rither than to Werein ed iiove Vor a solution, 


here am2 2°7't tapritisors am tkelve resistors in the circuit, so 


a rinicuy of six wifers will be required: om for t.e tube socket, three 






tore (for resistors to a mfer), na two for tile capacitors 






(To.r tg. .atito:. to a. w.fer). Cumeitor. can have their leuds connected 





to any of the wifer notch’s, so litils difficulty is -zncountered with 
the slacsent ¥ the t:pacitors., In this depisr, the canucitors must be 
st .cxed, Yi tnis brin:s # restriction. The two gbecked cafacitors must 
have 4 cO.61 te rdril., iiost cip.citors have me terminal at ground 
potential so tw rSvrichion weuklly caused no difficalty. Cl & C2, 
CZ & OP, Ce eG , C7 & C8 Aim be Ss icked in psirs. «ben stacxing ci- 


Maeitors, tt cls.rulic- b-fhiveen wafflr, is deer: 


p 


sed, so resister and 


11 








apa ci tor wafers are usually alternated. This also zives a certain a- 
mount of isolation because most of the capacitors have 21 ground terminal 
which serves as a groum plane shield between the other components. 

With no restrittions imposed by the condensers, the resistors will 
be examined. Single resistors on a wafer side cin be terminated at any 
pair of notches except those adjaciant to the same corner of the wafer. 

A pair of parallel resistors can be handled the same way, so reference to 

the design sheet shows that the plate load resistors will give no trouble. 

This leaves eight resistors whose placement must be investigated. Starting 

with Rl and continuing in numeric.1 order, the restrictions on the desien 

imposed by each resistor will be listed. 

Rl & R2 — To be placed on top of the first wafer. Referring to the wafer 
drawing, the common teruinal (ground for the circuit, can be any 
spare terminal between 6 and 12 ; 
Ri - These can be seen to give no trouble with any ivailable spare 
terminal used for the B”™ lead. 

Fust go from one fr2e wire to another free wire. 

ust go from wire #4 to a spare wire. 

Must go from wire #2 to a spare wire. 

Must go from wire #6 to a spare wire, 

R1O — Inspection shows that the common teminal (ground for the cir 

cuit) cin be riser wire 10, 11, 12, 1, 2, 3, 4, or 5 
Rll & R12 - These can go directly from #74 to #7 with no tifficulty. 


The restrictions on the circuit ground imnos-d by Rl & R2 and those 


imposed by R9 & RLO furtier restrict the circuit ground to «ither lu, 11, 


or 12; but riser wire #10 is used for the c .thode of tube number two, so 








this leuves 11 or 12. 

AO ey al and 28 must be investigated further. A total of five 
spare wires ire needed to meet tle abowe reauirements. Wires #5, 8 
Tl, and 12 ar2 available, and #3 will be available below the third wafer 
because the c@thadle circuit of the first tube will be completed above 
wafer #4, For ref2renee, sketch a wafer ami mark the available spare 


notches as shown oe=lw, 


2 10 
3 9 
4 

S & F 


NOw sketch the top md bottom sides of a wafer and by trial wd error 
“ind 2a solition for t’e placement of the four resistors. Four possible 


combinations 2re shown bel w. 


-AlAE 


If all the assumptions made above are correct, a'l that remains of 


er 
aN 


4" 


WM" 





the vroctlem is to sluice the compon-nts on the desijm sheet, remembering 
all the restrictions decided on. The co vlete circuit should be checked 
ani he riser wires cut wher n’cessar,. By using this mthod of investi- 
pating eath compon-nt in the circuit befire the fiml design is started, 
most of the cuessinit his been eliminated. To point out the advantage of 


this orelitiiniry inve tigition, it is suggested that this design be tried 











Special eee Circuit Problems 


Now that the general problem of desig has been considered, it 
would be well to discuss som: of tlhe specific problams th.t have arisen 
with various designs. As the range of frequency chunges, problems pe- 
culiar to the different ranges appear. For th purposes here, it will 
be sufficient to brsak the frequeries into two ranges: low frecuency 
range and high frequency range. Some of the problems overlap to a cer- 
tain extent, such is stray cinvacity, regeneration, amd component place- 
ment, and it may be said that the vroblems increase in number am com 
plexity is the frequency increases. This is true to an even greater 


degree than with conventional construction. 





Low Frequency Range 

The discussion ‘or this range is aoplicable fer hish gain amolifiers, 
audio oscillators, counting circuits, power sunplies, multivibrators, 
etc. 

In the low freousncy range it often voecomes difficult to vorevent 
the use of rather larz2 vzxlues of capacity. The larzest value of capac-— 
ity available at this tim? is about 0.03mfd, 2m thase are very unstable, 
so in practice the lar‘est value normally used is U.Uu15 mfd. Two of 
these can be stacked, on2 on top of another, am one af tnese stacks can 
be placed on the top and -ottom of a wafer, thus giving a tot.sl of 0.06 
mfd per wafer. Wheres wafers are availnble and where it is necessury to 
have the larger valu3s of capacity, it em be obtained by paralleling 
like this, out it is better to avoid it by a circuit ch:nge if possible. 


Where even larger values are reguired, it is necessary to mount the 


Ub 











Cenech oor =xterme. tO the Wiode.l> oni firing 28 lewis in ® riSdé@r wires. 
his ( oftsan d@me. 

Oreksi wtttly | ie, voltage differentials .411 be encountered in 4 
*Ircvit ind chre shaula be us:d to smrevent voltume breakdown. where 
eondans2rs hive been stacked, the clearance between wafers becornies small, 
$0 the condenser connections shaili be mde so that the low potential 
sUrieees ne Te#elnz gErCh other. 


Difficulty h.s been encountered vith neise in lov level amolifizrs 


69) 


ecause of th: plate r sistors. Hulo tan2 resistars (finer carbon gran- 
nles) hive to some extent remedied tm siturtion, tut thes? resistors may 
still vernerite hicher nois? levels thin the ¢ mventionsl «llen-Bradley 
resist23, “ith th- nois= chwracteriskics becoming worse fur tl® higher 
resistor vlues, Th: tp? r2sistas pass the JAN noise specifications 
Or all weiueds tinr on2 mezohr. 

Terer2r tion aay som:times b= znecountarsd due to coupling between 
eo oconents in th® Yodul®. On® circuit in ‘hich this haovened is shown 
Terie, «6s AOdv Ie 8.riode Budio amplici-r n@d regener:tion due to 
Pxea@etivae cou lin; BetWmen uns inbut ind outeut condensers. The regen~- 
erition could hiv: been dier-isad by placifYi tt condensers on different 
wefers end incr2#siny um ohysicil senavation, wot on -xtra wafer would 
fiv> Galen recquimid, incr@ysint the size of the moduls. A condenser, 
C/17\, wes idded to th: circuit (dth no .onoreciable effect on the ampli- 
fier resvons2) with its »srounded side serving <«s a shield between the: in- 
nut git obtput coacling. tondensers. .ith this new cirtuit (Piz. 3) the 
counlin® —s cininized nd .ll regenerative eff-cts were eliminated. 
V@=tter olumin in the d-vsim $s 1¢2 could h:v2= orevented this redesign. 


Crow Tabl> I balm it tn be seen tht ubout 4 mnofd. of stray capacity 
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regsnerition,. — rany 


this is umlesirabl2, a ground vlane (or perhaps an already available by- 


pass condenser) may be inserted between them. 


Sven thourh riser wires have a rather srall cxzpacity bet»em them, 
this caracity nay add to the other stray c.nacity am be troublesome. The 
inout amd outout riser wires should, therefore, be physica!ly separated 
as far as possible to insure apainst single stage regeneration. If this 
Separation is not pp ote, erounded riser wires my be used as shield- 
ing elements, and this will decrease the czpacity considerably. The 


following table is siven to -ssist thm designer in evalwtin” the effects 


of stray capacity whil= laying out the module. 
TABLES I 


Source of Stray Canacity Cao.-immfd 
Between two ceramic condensers 0.7-009 
mounted on top and bottom of 

adjacent wafers respectively, 

(3/8" silver screen) nominal 

wafer svacine 


Between any one tube vin 0.3-0.5 
(miniature tubes only) and 

3/8" silver screen on bottom 

of adjacent wafer 


Between adjacent riser wires. Oe 


Between alternate riser wires. O.4 
(Rxterndine alonz standurd 5 
wafer module). 


Between two 3/8" silver screens eis Oy: 
on tov and bottom of adjacent 

wafer respectively. (Nominal 

wafer snacing) 
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1 the two caracitors, um this may be sufficient to cause 


cases the caracitors could be relocrited, but where 


































Remirks 


Hegeneration may 
result if the con- 
densers involved 
represent the inout 
and output coupling 
condensers of a 
particulur stags. 


The sam2 stray 
capacity will exist 
between risers of 
adjacent modules 
for an equivalent 
spacing. 


This also applies 
to silver screens 
for resistor tapes Ps 
the stray ecanacity is pm 
portional to the area or 
th silver, 












Between two 3/8" silver screens 4wmh.5 Also applies to 
on ton and bottom of sane wafer, resistor tapes. 


Another source of feedbick occurs with the connecting leads on the 







baseplate between modules am power suvnly leads, Care should be exer— 


Cised in baseplate layout to minimise stray coupling arourmdi one or more 







stages of a sinvle unit, or between tvo conplete units -f a system. The 


ariount of coupling will depend upon the baseplite material used, the 





















length of leads, 2nd th: separation between the leads. The following 
table «ives an 1oproximate indication of the magnitude of stray capacity 
to b= expected with the virious base materials now in use. 


TABLE II 


Capacity per Unit Length of Conductor 
For Virious Base Materials 


Canacity (mmfd/inch) - - 1/16 inch line width 


Separation Phen olic “pon Siac on Teflon 
(inchs) Fiberglass Fibergliss Fibergliss 
1/16 0.78 0.86 U.73 0.60 
3/16 O65V 0.53 0.48 O40 


Ceramic canacitors, particularly in the higher values, change value 
considerably with temperature. In circuits that are exposed to consider— 
able temperature variations and where the valve of capacity is critical, 
mylar capacitors should be used for the higher values of capacity. In 
video amplifiers, where a reduction of bypass capacity due to temperature 
change my tem to give overshoot problems, 2ll bypass cacmacitors should 
be of the mylar type. 

4t the hizher fr-quencies, such as those used in wide range video 


amplifiers, radiation of the riser wires and couvling between riser wires 


1 














of .djacent modulzs increases. Interstage shielding may become necessary, 
dependin on the g2in and physicil configumtion. The location of load 
resistors, couvling condensers, peaking coils, etc., should be such as 

to minimiz2 the total length of lead (ris-r wire and baseplate connection) 
between staves, 

High Frequency Range 

I.F, amolifiers u» to 6) me hive been modulizad with succe3s and 
circuits at hichr fre iuencies ire uniergoing investig:ition. At these 
hisher frequencies, the inter2ction between wafers, regeneration, and 
resoniire? effects have caused trouble. The rroblems are of a decidedly 
more complex naturs, and much more difficult to analyze than those found 
in tre low freyuency circuits. Modules meaty contain many potential 
resonant “ircuits thit my caus? trouble, Be) since t.ey cannot be elin- 
inated it becomes necvssairy to anulyze Uhem to maks certain that none 
fall within the pissbsindi being used. 

In desivnine for hich frequenci2s, tre "hot" RF. compon-nts should 
be nliced is close to the tube sccket wafer is vossible in order to keep 
Ce Geer “Olntiil X.F. dads shat. By cutting these riser wires or by= 
passing tn ts tlos? to the "hot" corponenb us possible, radistion can 
be keot to a rinimua (see Fig. 4). Interstage connecting leads between 
modules cin be k=pt short by proper orientation of the module and tube 
socket. 1cise of rarener.tion due to exc ssiv~ hier R.F. potential 
lead leneth occurred with the first desien of an Fi tuner, The connect- 
ing leids between two srctions of th: tuner were made on the baseplate 
in order to be sable to pluz-in tle different units. This necessitated 


Long "hot" leads runnin’ tre full length of tm Jirst module of one 
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section and the last module in another section. The problem was solved 
by using spring contacts on the top baseplate to make the connections 
between the sections (Fig. 5). "ven with short leads, the modules will 
usually have to be shielded individually to prevent regeneration. 

All the precautions pertaining to the separation of input am out- 
put riser wires and separation of components to prevent feedback in low 
frequency amplifiers apply equally as well to the higher frequency range. 
Where copper etched coils are mounted in the module, ti.is is of partic- 
ular importance. Here again, a ground plane, in the form of a condenser 
with one side grounded, may be used to shield the etched coil from the 
other components in the module. 

The grid-to-plate capacity my be minimized by placing the grid 
circuit components in the previous module, but even then, precautions 
must be taken. The stray capacity between the grid tube pin connector 
and an etched coil mounted on the bottom of the adjacient wafer may be 
as high as 0.6 mmfd. This be Wt teeny high grid-to-plate capacity may 
easily cause regeneration around a single stage of an amplifier. Re- 
ducing the size of the coil as much as possible and offsetting the éoil 
as far as possible from the grid pin may decrease the capacity suf fic- 
jently to prevent regeneration. The coil should be oriented such that 
the outside turns are at a low RF potential. If, after these precautions 
are ie the capacity is still to great, the coil can be moved down to 
another wafer even at the expense of making is lead slightly longer. 
Locating the load resistor of the preceeding stage on the back of the 
wafer containing the tuning coil or load resista@ of the succeeding stage 
will usually create an even higher grid-to-plate capacity. One design 


that proved to be unsatisfactory because of excessive grid to plate 
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cipicity is shotm in Fig. 6. Th uifficulty wis eliminated by following 
the above procedure of i:em cing the size of th: coil, moving it away 
fron) the grid, putting the erid resistcr in the previous modules, and in- 
suring that the outsida tumis ware 21t a lav R.F. potential. Tre new de- 
sign is shown in Fig. 7. 

The su: problem irises in the design of hich gain-maximum bandwidth 
Roof, amplifiers that occurs in the design of high gain video amplifiers. 
The interstise and intristige stray capacity wust be kept to a minimum. 
The sources of striy cipacity listed in Table I nd the baseplate capa- 
cities listed in ‘able II 1130 avply here. In iddition, if printed coils 
are used 218 interst.> tuning coils or peaking toils, the fcllowing table 


Ditl be useful, 


TABI III 
Souyes £ Stray Canacity Cap. (mnfd ) Remarks 
Between surface of etched coil 0.5-0.7 Six turn coil, O. iG: 
on top of on» wifer im 3/8" wire, U.1C"spacing 
silver screen on bottom of Inner coil terminal 
wafer bolow coil wéfo:r, at exact center, 
Between any tube pin conn:ctor orc G0 J 


(miniature tyne tubes only) am 
surface of etched coil on 
SbOottom of same wafer, 


Between any tube vin tonnector O.4-0.6 | ri 
and surface of etch:2d coil on 
tottom of adjacent wafer, 


Between surf2ce of et hed coil 225-269 We 
and 3/8" silver ser2en on 
bottom of sere wafkr, 


Between 3urfice of etched coil 0.81.2 ot 
on top of one wafer am 3/8" 

Silver screen on ton of 

wafer below coil wifer. 


* This effact nay oa extrene ly uniesirable. If several tube 


pins ar> st low R.F. votential, the total shunt cavacity 
may be extremely high. 
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Q of printed coils is a function of width, acing and thickness 
of the conductor, and of the base material used. The tadle below gives 
an anoroximate indication of the effects cn the coil @ of varying the 


dimensions, 
TABLE IV 


Coil Dimensions Inductance 
(Inches) (Microhenries) 


005 wide Tre 
puLO spacing 
UOC] thickness 


10 wide 
pou) spacing 
~OU1 thickness 


oi 10 wide 

eO10 svacinv 

.003 thickness 

Note: «all coils & turns; XXXP base matsrial. Outer 
coil terminal fixed; inner coil terndinal 
brouvtht closer to center to maintain sare spacing 
for a greater conductor width. For inductance 
forzulas of flat rectangular coils, refer to 
Teman's radio Snginzer's Handbook, page 59. 
The effects of various b:se materials on the @ of coils as a function 
of freauency is given below. 


Pass V 


Teflon Silicone (G-7) §pon 
Fiberglass __Fiberglass Fiberglass 


a7 0 26 Loe 
62.7 64.0 64.07 
79.0 Te63 80.3 


16.5 Lies? 113.0 





: It is seen that the base material has a comparatively small effect 





on the Q of the coil. Coils printed on the same base material tem to 
vary by as much as 10%, which is greater than the variation with base 
material. These variations are due to the non-uniformity of the copper 
conductor amd to oxidation which occurs with age and environment. The 
coil Q's may be increased by as much as 10% and the axidation prevented 
by. silver plating the coils. 

Mounting condensers or resistors on the opposite side of a wafer 
containing a printed coil seriously affects the Q ard inductance of the 
coil. A 3/8 inch silver screen is sufficient to reduce the Q by 20% and 
the inductance by 10%. Because the silver screensto which the tape re- 
sistors are attached have a similar effect, it is customary to mount only 
the corresponding load resistor on the same wafer with the etched coil 
and if possible to space it from the coil. 

The distributed capacity of a copper etched coil of 0.010" width, 
Q.010" spacing, 0.001" thickness, and mounted on XXXP base material, will 
be from 0.8 to 1.0 mmfd. This capacity varies as the dielectric constant 
of the base material used. 

Modules, because of their physical confi guration, inherently contain 
many resonant circuits. Many of these absorption traps can be attributed 
to ths parallel riser wires acting as transmission lines, either termin- 
ated @ unterminated. The lengths are short, so the resonant frequencies 
are high. If two adjacent or alternate riser wires are shorted at one 


end, the line presents an inductive reactance at all frequencies up to: 


f (me) = (7.5) (103) where L is the length of 


L line in centimeters 
The value of this inductance, of course, depends on the length of line and 


spacing between the risers. 
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‘ny stray or actual capacity across the line formed by the risers 


will form a resonant circuit whose natural frequency may fall within 
the passband of th2 circuit involved, seriously affecting tle response. 
AN example of such a resonant circuit occurred in the module shown in 
Fiz. 6. The filament riser wires #5 and 6 form tre line, the filament 
shorts one end of the line, and the filament bypass condenser, C1lOL, 
completes the circuit. This circuit was detuned by grounding the low 
side of the filament bypass conienser to riser wire #2. It was later 
found tmt th filinnt bypass was not required. 

The surge impedame of two adjacent riser wires with standard spac- 


ing of 0.2185 inches is: 


eer 2/76 We?) (0.21.85) * 320 ohms 
0.030 


and for alternate riser wires with a spacing df 0.437 inches is: | 
Zo = 400 ohms 

In orler to get a f2eling for this resonant effect, tne following 
table is given which lists the value of capacity with which a 0.5U inch 
lonz line will resonate ut a particular frequency. 

TABL® VI 
D@ U.2125 inches D = 0.437 inches 
Adjacert Risers Altern,ate Risers 


PREC. XL C FREQ © XL C 
(me ) ( ohms ) ( rumf d ) (ic) (ohms) (mmf) 


60 4.8 552 60 6.0 Lhd, 
9.6 138 : 1220 ian 
20.8 33 | 25 


Tele § | 6 








be seen from the above table that the resomint effects may 


not only cause gore in RF amplifiers, but may create absorption traps 


in high frequency IF amplifiers as well. The resomant frequency may be 
moved out of the passband of the amplifier by; 
1, Varying the length of the line 
2. Varying the spacing of the line 
3. Varying the capacity across the line (If this 
capacitor is of the ceramic type, detuning the 
line by varying this componmt should be under~ 
taken with care because the relatively poor 
temperature stability of these condensers may 
cause the resonant frequency to drift back into 


the passband at certain temperatures). 





CHAPTGR III 
e COMPON-“NT STUDY 
lL. Mylar Capacitors 
A. Construction 
Mylar capacitors were first constructed ff alternite layers of alum 
inum foil and mylir dielectric having a thickness of .1U25 or .vt50 inches. 


Snall pinholes in the dielectric decreased tie voltage safety factor in 


many cases and made the condensers unreliable. This comition has been 


corrected in later capacitars by using two layers of the mylar dielectric, 
thus stazgerins theflauws. After winding, tubs are spot welded to the 
two ends of the foil, siving an inductively vound canacitor. “on-inductive 
cavacitors have been made by cementing the edges of th foil with silver 
paste, but the proc2.s is time-consuming ind unreliable. A metha will 
no doubt be found to manufacture these easily, but until this is vossibl-, 
the mylar capaciters c.n only be used in circuits wnere the inductive 
qualities will not be harmful.’ After the canacitor is wound nd the tabs 
attached it is stuck to the wifer with a coating of Hysol 6020 impregnant, 
and the tabs, which sre on opposite ends, are carrisd to the apvropriate 
- notches. The sime impregnant is then used to cover the entire cunacitor 
as a protection azainst moistur2 absorption md handling damege. 

Bo Qualific.tion for JAN Specifications 

The mylar capacitors meet all J\N=C-25 svecific.tions except for 
being encased in a metallic or commosition cise. Because df the speciul 
size reouirerents of the capacitor to mke it compatible with th: modular 
type construction, it do2s not fall in any exact JAN specificc:tions cata— 


POTTY o 











C. Temperature Coefficient 
The temperature coefficient of the mylar capacitor is comparable with 

that of the seteer grades of paper capacitors. Fig. 8 shows the capac- 
ity change versus temperature for the mylar capacitor and for the Sprague 
"Vitamin Q" capacitor. The curve for the mylar capacitor was drayvm from 
an average of readings taken with 12 mylar capacitors (.025 mfd. with a 
double .025 inch mylar layer, 19 turns wound on a large arbor). The 
capacity change with various capacitors in the grouo was very uniform 
with the maximum capacity change just slightly higher than the average. 
The curve is applicable to all mylar capacitor values from 24U0 mmfd to 
025 mfd, 

D. Dissipation Factor 

‘The dissipation factor is less than 1% fram 10°C to 110°C am is 
less than 1.5% over the range of =-55°C to 125°C. Fig. 9 shows a curve 
of dissipation factor versus temperature for the mylar and the Sprague 
"Vitamin Q" capacitors. 

BE. Salt Spray 

Protective coatings using both Hysol 6020 md Hysol 6101 provide 
good protection against damage by handling ard corrosion. Application 
techniques are critical, however, sine any snall break in the coating 
will allow the exposed surface to be attacked. The corners am edges 
are the critical points to watch. A minimum of tw coats df resin should 
be used and the coated wafers baked in a horizontal position. This coat- 
ing affords good protection against humid atmosphere as well. Insulation 
resistance of mylar capacitors is in excess of 20,000 megohms normally 
and even when exposed to 2000 hours of 90-95% relative humidity, pro- 


vided the impregnation technique is satisfactory. 
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wlar capacitors are conservatively rated at 3.0 VDC for all values 


from 2:00 mmtito O.1l mfd. Life tests as ner JAN-C-25(F-18) consisting 
of 250 nours of continuous opzration 2t rated voltage in an 85°C oven 
hive baen successfully pissed. 

G. Op2r3tion in Rarefi-d Atmosphere 

Ig iir clpacitors hav: eucedssfully »2aseed the J'N-C-25(F=-10d) test 
consistin> of operation for 2 sdinimum of ones mirut> at 3.4 inches of 
mereury (torresponds to in altitude of 50,000 feet) with an application 
of 125% of rited voltare. 
2.. Ceramic Capacitors 

The ceraie cavacitars us2d with modular construction are made by 
firine silver electrodts onto flit discs od ceramic. The ceramic bodies 
are made of titanium dioxide combined with various oxides to change the 
dielectric constant of the bodies. By changing the comvosition of the 
dielectric, dizlectric constants from 10 to 7300 may be had. The fol- 
lowin? formula wi, be used to roughly calculate the capscity to be ex- 
mecipa froma capacitor. 
Silver exterding to the edge 


K = Cxtx5.66 
d< 


Tu id electrodss not =xtending to the 








/K = dielectric constant 
capacity in mnfd 
smaller electrode diameter 
electrode diameter 
thickness of body 
The silver electrodes can be varied from ¢ to 3 inch in diameter 
and therefore the capacity can be varied over nearly a four to one range 
while still using the same type ceramic body. By selecting the body wit! 
the correct dielectric constant and adjusting tle size of the electrodes, 
ceramic capacitors can be made from 5.lmmfd to 0.015mfd., The ceramic 
bodies come in a wide range of temperature coefficients, so the body used 


will also be affected by the temperature coefficient desired or required. 


Ceramic dielectrics have been divided into two gerral classes ac- 


cording to their temperature characteristics. Class I bodies are char .ct— 
erised by high Q and goad dielectric stability with temperature. These 
bodies are therefore suitable for use in resomm circuits and other :»li- 
cations where good stability is required. Class II bodies are character— 
ised by hieh dielectric constants, but are not nearly as stable 2s the 
Class I bodies. These bodies are suitable for bypass and coupling appli- 
cations where high Q@ am capacity stability are not so important. 
4. Class I Ceramics 
1. Ranze of K values: 6 to 600 
2. Range of temp. coeff.: P120 to N5600 
3. Range of capacity: 6 to 800 mnfd 
Some of the ilsimag body numbers, their temp. coeff., 
dielectric constants, aml capacities available with a 
silver screen of 7/16 to 1/2 inch in diameter are given 


below. 











Body No. temp. “ooff, K-values Gapicity rings 


7233 . P-100 K16 4 to 46 mnfd 
T-96 NPO K30 22 to 75 

T-96 N610 K70 52 to 195 
T-109 1400 K135 103 to 355 


4, Preferred valuz:s of temperiture coefficient 


T-83 series T-96 series 
P=120 K15 HPO 30 K 30 
P-100 16 1030 K31 
P-030 KL7 NO8O K36 
NPO K19 DE CMe Grae 
[+109 saris N220 Ku5 
N1400 K135 N33 K50 
N&70  K60 
N750  K&? 


th? temperatura characteristics given above only hold over the temo- 
Gratur= range from 25°C to 85°C. The characteristic% may vary outside 
this temperature range, as shown in Fiz. 10. This curve is for a T-96 
body N330 K54.3, with 2 nominil cwacity of 170 mfi. It would be well 
to consider this variation of temo#zrature2 coefficient as shown in the 
curve if operation over a wide range of temrneritures is contemolated,. 
The same curve of temperature coefficient versus temverature is given for 
T-110 bodi+s in Figs. 11, 12, and 13 to show that all bodies do not give 
the same characteristics outside the sxcified range. 

C Value 

The © of the ceramic Class I conieneers when mounted on steatite 
wafers compares favorable with thit of a commercid ceramic caivacitor 


(Cormell-Dubllier 110 mmfd). The test crpicitors were made of T-96 
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K65.9 bodies having a capacity of 110 mmfd and mounted on a steatite 
wafer, 
T-96 body: Q = 127-132 at 30 me 
C=D capacitor: Q = 132-136 at 30 mc 
Decay Characteristics 
The decay of K in Class I bodies is less than 1% for a 100 hour 
period for K values under 500 amd less thn 1.5% for K values above 500. 
B. Glass II Ceramics 
l. Range of K Values: 250 to 7000 
2. Range of capacity: 150 mmfd to 0.015 mfd 
By using 7/16" to 1/2" diameter screened 
electrodes, the following values of capacity 


have been obtained: 


Body number Capacity range (mnfd) 
T~133-B 160 to 670 
Tl —A 315 to 1200 
T=106=J 82U to 3200 
To7—~A 1270 to 4,680 
Teii2e—A | 3600 to 13,000 


Temperature coefficient characteristics of the Class II bodies vary 
considerably as shown in Fig. 14 through Fig. 16. These curves are not 
to be assumed to be exact, am in fact will vary with different lots of 
the same body number. The peak of capacity does not always fall at the 
same temperature for a given body number, tut it does lie within a certain 
range of temperatures. According to manufacturers!’ specifications, the 


temperature ranges of the K peaks are as follows: 
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xlsimar Body No. Temp2zrature Range of K Peak 


ae ee eee we - be Eee oe ee 


B13 Above + 85° 

T=145 .O definite peak ‘osea =55 and +85°C 
T-106 1OCe togeooce 

T=131 vO jefinits voeak between -55 and 485°C 
T-137 NO definite peak between -55 and 485°C 
T-L11 $20°C to 460°C 

T-128 =5°R to 425°C 

Decay of K 


The decay in K of Class II bodies is avproximately a linear function 
of logarithmic time. The decay characteristics far severzl Class II bodies 
are shown in Fiv, 17 and is avproximately 5% per decade hour. 

Refreating a well-2zeed high K body causes an immediate rise in the K 
of the body as shown in Fig. 18. A well-aged T~128=-K7U00 body, when re- 
heated to 198°C increased its K value by 33%. The k decay curve then re- 
peated itself, Rehzatin? the body to 115°C caused an increase of 2 in 
K value and azain the deeag curve reveated itself. | 

Decay of Dissipation Factor 

The decay of dissipation factor is shown in Fig. 19 plotted against 
lovarithmic time, and it is noted tmt this curve levels off after about 
ten hours. 

Insulation Resistance 

The manufacturer of ceramic discs (American Lava Corvoration) speci- 
‘les a minimum insulation resistance of 100,0U0 megohms for all Cl.ss II 
bodies with the exception of T-11]1 which has a specified minimum of 20 ,V00 


megohms insulation resistance. Tests have been run on Class I and Class 
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II bodies and ali piss JAN-—7-208 specifications F-15B(3)B. ‘there ex-= 
tremely humid conditions are anticinated, coatings of Hysol 6101 provide 
good protection ind sive wn 2xtra safety factor. Where humidity con- 
ditions are not so “xtreme, insulation resistance will remain high enough 
fOr 4m eel ication. 

Voltave Rating 

The manufacturer of ceramic discs (American Lava Corporation) speci- 
fies a dielectric strength of 100 VDC ver mil of dielectric thicmess 
(bodies are 0,020" thick). The capacitors are conservatively rated at 
B00 WDC. 
3. Tape Resistors 

Taoe resistors used with the modular construction are of two types. 
The first resistors used were cured-on or "wet" tape resistars. These 
are made un on strins of tave iam are not permmnent until they are cured 
onto the wafer by the aoplication of heat in an oven. This type is still 
being used, wt has som faults not found with the pre-cured or "dry" 
tape resistors. The "wet" type changes value durine the curing process 
and the amount of chinze must be consiiered wren making measurenents be= 
fore application to the wafer. This chznge is not to constant (4 20%) so 
a laree number cf wafers must be discarded after curing or a part of the 
tape must be ground off to raise the resistance to the desired range. 
The resistor tap2s must be stored in a refriverated place before appli- 
sation to the wafer. These faults are not found in the "dry" type re- 
sistors, and thersfore they are gaining in favor. The pre-cured tape is 
sut into strips after curing and can be controlled in resistance over a 


fairly vide range by vary ing the width af the resistor. The large bulk 
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tape has the resistance material sprayed on and this mterial is changed 
to make course adjustments in the final resistance desired. By adjusting 
the width of the resistors in the cutting process, fine adjustment in the 
resistance is made. Because the tape has already been cured, there is no 
further change in resistance to be considered. After the resistors are 
cut they can be stared like conventional resistors. A late mthd is to 
leave the resistors of one value in a long strip which can be rolled up 
for easy storage, am wren a resistor is needed,it can be cut off the end 
of the roll. The adhesive has previously been screened on, so tle resis- 
tor can be speedily affixed to the wafer by the use of a hot iron with a 
special tip. This application process is shown in Fig. 20. 

Although silicone based tapes are relatively unaffected by water, 
they are affected by the organic solvents tmt are used for disolving flux 
residue. These solvents, which are used in the dip soldering process, tend 
to increase the resistame of the tape resistors. Protective covers of 
teflon or mylar have proved satisfactory for preventing this change of 
resistance and also protect the resistor against moisture. Clear mylar 
was tried for this covering, but it termed to hold the heat in and de— 


creased tle rating of the resistor. Black teflon radiates some of the 


_ heat and decreased the temperature of a fully loaded resistor by about 


10°C ovar the unprotected resistor. 

Power Dissipation 

The tape resistor is capable of dissipating 1/4 watt up to an ambient 
temperature of 150°C. These resistars pass the JAN-R-ll specifications 
for maximum load life, The heat generated by a 1/4 watt load on the re- 
sistor is not proportioned evenly over the tape length but is concentrated 


near the center, 
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Thy tes) coefficients for Allen—r.dlis r-si>tors are given 


“se 
in Fit, “Led for +m br -cursd bape resistors in Fis. -2. Tifese grapes 
sShoy 7=-°@rt cre in resistanc® 1s 3a function wf resistince vilue for 
tr ree teqpere+.re conlitions. che curve: ir2 drawn by conn cting the 
faxinie ©oinis of Bist ine= c¢ ns: for a l:irve number of resistors. 
Many of the resistors wid a ch ng# consileribly below the \.sxinum g;own. 
The curves are based om unloided m istams valu2s. 

Voltise Soefficient 

ost of th= tips resist rs tested chinzed less tnan 2% in resistance 
value fre. full rated continuous wording, voli-ge to 0.1 rated continuous 
working voltize. thos? that uid change more thin 2% hid voltage coeffic= 
jents of ,U2% ver volt. or Ie3s3. Allen—ir dley resistors ch nge less 
than 1? over the sine voli te rings, A m'ximum +ct.iree f .035% per volt 
is enseified in JiN-v-1l. 

Tavooratur> Cycle 

(11 + »o2 msistors have piss2d JAN=%-1ll specific tions for th? teomp- 
erature c tle test (t-1/) d.ich sLlows 10 sreater thin 3% aversge change, 
nor eraiter thin 5% mximun ch nee after c-clins. Ll sn-liradley 1/. watt 
resistors ire less suste2zptibl- to temoemuture cyclin cthinge vy a factor 
of Wo >roximatele 3 to ll. 

Noise Fi-ure 

J N=R—-11, mendvent 5, eliminites noi.e met urements for resisturse 
Fane resistoss ‘nier one mezohr in vilwe nagg the JAN-[-1l nois= test as 
it was nreseji-tel “for: iumend= nt. The pr2-cured tave resistors «re in- 


“erior to tls curfd-on tase resistors in» fir .s gener t2i noise is con- 


eernei: md both t/p>= ar- in“erior vo th: lw noise venerited by the 
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Allen-Bradley 1/2 watt resistors. 

Humidity 

JAN=R-11 (4-14) specifications state that resistume change shill 
not exceed 10% with humidity, The resistame of pre-cured protected tapa 
resistors do nxt change preater than 3%. Unnrotected resistors chiunge 
about 9%. Allen Bradley resistors change about 3%. 

Short-time Overload 

The resistance of orcured vrotected resistors does not chinge 
greater than 5% in value after a five second anplicition of 2.5 times 
rated contiruous working voltage, This wasses J\N-2-l1 (5-16) soecifi- 
cations. Allen=Bradley 1/2 watt resistars are far superior to tape re~ 
sistors in this test, 

Hivh Altitude Flashwer 

Pre-—cured tape resistors do not flashover with a five-second 32.pli- 
eation of twice rated continuous working voltage it 3.4 inches of mercury. 
This pass the JAN-R-11 (7-7) specifications. 
4. Mechanical Strength of Modules 

liodular construction is able to withstand severe vibration, 2cceler- 
ation, and other environmental conditions. T-sts have shown that «aten 
modules are properly soliered to the baseplates, damage resulting from 
vibration of a module with a tube mounted on it occurs in the folloving 
order: 

1. Tube elements become loose 

2. Tube elements break awiy 

3. Tube pins break at the glass seal 


4. Modular Tube socket recepticl3s break ut the 90 degree bend. 


Be 














5. Riser wires fracture between baseplate and bottom wafer or be- 





tween two wafers near the baseplate. 

6. Module breaks away from baseplate with some riser wires pulling 
out of baseplate and others fractured near bottom wafer but in- 
tact on the baseplate. 

These tests were made using one baseplate. The structure becomes 
stronger when two baseplates are used. Modulss with no tubes mounted on 
them have shown no signs of fatigue in any of the vibration tests. This 
rigidity may be attributed to the fact that the modules are lighter than 
normally used components, and have many points of support. 

It is noted that the riser wires usually break near the baseplate 
(this would be expected), so the modules should be designed so that riser 
wires are not cut between the wafers next to the baseplate if it is pos- 
sible to cut them in some other place. Modules should be designed so 
that they have a minimum of four and preferably six risers to support 
them. The supporting risers should be spread so that at least one riser 
is used on each side of the module. The use of two baseplates increases 
the strength considerably, but even with the two plates, the above rules 
should be followed if convenient. 

Much better solder joints on the modules have been achieved by the 
use of dip soldering methods than with the use of soldering irons. An 
automatic dip soldering tank for use with experimental work or limited 
production is shown in Fig. 23. The wafers are placed in the jig shown 
on the front of the machine and are clamped into place while the first 


side of the module is being dipped. Three riser wires are placed on the 
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nd one Siie of tie modul® 


is complete. The jig is removed amt tle other sides are soldered in the 


same manner, This process his worked exceptionally well, prowmcing per- 
fect joints. The problans of solder supply, ind correct iron tem .er- 
ature and position which give trouble with the automatic irons have been 


affectively eliminated. 
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comers LV 
CONCLUSIONS 

rany oroble 6 have »een pointed out but few af the advantazes of 
molular construttion hive beén mentioned. The adv ntazes have been cov— 
ered ratier thorouzhly in previous papers im many of them are obvious. 
It has not been the intention of this paper to iroly that the design of 
modularized 2quipment is difficult. The desicn actialily differs little 
from that of conventionil circuits und the layout proulens are usually 
e2sy to solve ee the engineer has had a little experience. 

One basic difference occurs with this design. With conventional 
equiome:t , the circuit is built in a "breadboani" fashion and made to 
operat>, ind then the components are rearranged to comply with the space 
requirerents of the fin. unit. With modular constriction a "breadboard" 
layout is ilso tonstructed, but large changes in operation may take place 
when the circuit is mad+ in the modular form. Therefore a large part of 
the exmerimentul vork must be done in a somewhat final form. With rood 
plwnine, the stray camcitiss are uswlly less in the modular forn. 

One frature of this construction is the fact that the stray capacities 
are very renroducable, ifter th: modvles are designed the leads cannot 
7@ moved around, so this requir:s that the owerall physical layout of 
the finial equipment be made before the circuit layout can ve nde, Since 
the circuit must be laid out befa@e it can be thoroughly tested, the over- 
all physical layout of the 2quivment with control locations, etc., must 
be one of the first steps in the design. 
This construction is particularly aduptable to miriaturization be~ 


cause of the e1s2 with which the small componerts can be assembled. Many 
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truc tion time is prohibitive. The sample problem given demonstrates 


the value of modular construction very nicely. To build this circuit 
in the same space using standard techniques would be practically imposs- 
ible. 

One of the limitations at this time is the low value of dissipation 
allowable with the tape resistors. Thsy may be paralleled, but this is 
not a very good way to have to build equipment. Wark to increase the 
dissipation has been done, but no solution has been found yet. 

No mention of inductors was made because no significant advance- 
ments have been made in this field since Ref. 1 and Ref. 2 in the bibli- 
ography were written. 

More stable condensers of the ceramic type are needed even though 
those available are no worse than the conventional disc ceramic conden- 

“sers. 

It can be seen that much work is still required in the components 
field for modular construction, for the equipment is no better than its 
individual components. In spite of the limitations that still exist it 
must be admitted that the progress has been rapid considering the short 


time that has elapsed since the idea was conceived. 
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